In this paper, a number oj reported systems jor classifying ventilators are considered and their usejulness commented on. Most omit the concept oj power, which is an important jactor in how the ventilator will perjorm. It is recommended that a system oj classification should be backed by bench tests and clinical trials. Not enough is known about high jrequency ventilation to permit reasonable evaluation oj the classifications proposed in this area.
Matthew Arnold could well be describing the mixed success experienced by those who use ventilators. Some regularly 'control the wind'. Others are swept away and, more importantly, some of their patients are swept away with them because they do not 'control the wind'.
One way of helping clinicians to 'control the wind' is to make it easier for them to understand how ventilators work and how they interact with the patient. The past twenty-five years have seen a number of attempts to classify ventilators so that the machines and their behaviour can be better understood. Successive authors have felt that previous attempts had failed to cover the subject adequately. In this paper a number of classifications are described and discussed.
SET PRESSURE OR VOLUME In 1958, Elam et al. I evaluated five ventilators and commented 'In clinical anesthesia we are accustomed to sensing alterations in the patient's lung-thorax resistance and compliance by the feel of the bag. We alter as necessary the force on the bag to maintain adequate ventilation.' They proposed that the perfect ventilator should do the same and also indicate the pressures and volumes delivered.
From their studies, they concluded that each ventilator clearly fell into one of two classes: pressure-limited, volume variable; and volume-limited, pressure-variable. They suggested that ventilators be classified on this basis, and recommended that the variable parameter should be monitored.
The next year, Fairley2 wrote about the selection of a mechanical ventilator and put ventilators broadly into two groups: volume constant-pressure variable; and pressure constant-volume variable. He extended the basic grouping by considering the driving force, circuit and additional features. The driving force was either compressed gas or an electric motor. The circuit fell into one of three types -an intermittently opening reducing valve, an electrically driven piston delivering room air to the airway by a system of non-return valves, or a bag-in-bottle system separating the patient circuit from the driving gas.
Hunter,3 two years later, felt that a classification based on mechanical details gave little information about the performance of the machine in use. He said 'All ventilators are constructed either to inflate to a preset pressure or to deliver a preset volume.' The two problems most likely to be encountered during artificial ventilation, he indicated, were a change in overall compliance or a gas leak in the circuit. A ventilator with a preset pressure could cope, to some degree, with a gas leak, and a machine with a preset volume could deal with a change in compliance. He drew attention to the distinction between the cycling mechanism which ended the inspiratory phase and the inspiratory phase itself. The cycling mechanism, he felt, was of secondary importance.
The three classifications described above were fundamentally the same (Table 1) . They each addressed the inspiratory phase and grouped ventilators into those designed to deliver either a set pressure or a set volume. Elam discussed the important variable for each type. Hunter introduced the cycling mechanism but did not develop its influence on performance. Fairley considered other features as well as the basic classification. This classification using pressure or volume variables remained in common use because it was simple, but it had deficiencies. It failed to separate ventilators in each group; some ventilators fell into both groups; and it ignored the power of the machine.
MAPLESON'S CLASSIFICA nON
Mapleson developed a more detailed approach to classifying ventilators in 1959 and the latest version is set out in the third edition of 'Automatic Ventilation of the Lungs'4 ( Table 2 ). He said that there were far too many mechanical, electrical, electronic and fluidic options for each function to base a classification on these parameters. Instead, he proposed a functional classification because every ventilator had to provide four basic functions. It had to 1. inflate the lungs, 2. deflate the lungs, and 3. initiate and 4. end inflation. Each function is discussed separately below. 
Inspiratory phase
During inspiration, ventilators can be broadly grouped into two categories. They can either reproduce a pressure pattern under varying loads with the inspiratory flow being variable (as a pressure generator) or a flow pattern under varying loads with the inspiratory pressure being variable (as a flow generator).
This classification of the inspiratory phase is, however, too simple. According to Mapleson, 'If a low pressure in series with a low resistance is to be regarded as a constant pressure generator, and a very high pressure in series with a very high resistance is to be regarded as a constant flow generator, then, at some intermediate point, there must be a transition from one to the other.' In practice, a number of ventilators do not fit into the two categories, but lie in the middle ground. Like the set pressure or volume classification, the power of the machine is not defined.
Inspiratory to expiratory cycling
The changeover from the inspiratory phase to the expiratory phase is next addressed. Time, pressure, volume, flow or a mixture of these may be used to cycle or end the inspiratory phase. Power interacts with the cycling mechanism and may affect the performance of a machine. For example, it is commonly said that a flow generator which is volume-cycled is able to cope with changing lung conditions and still deliver the set tidal volume. However, if the machine does not have the power to generate the inflating pressure necessary to deliver the chosen volume, then it may 'stick' in the inspiratory phase. The machine simply cannot achieve the necessary volume to enable a changeover to the expiratory phase.
Expiratory phase
Mapleson described the expiratory phase in terms of flow and pressure. Most ventilators vent to atmospheric pressure and can thus be called constant pressure generators. A positive pressure (PEEP) or a negative pressure may be added without changing the classification. However, it is also possible to ensure a constant expiratory flow and thus describe the ventilator as a constant flow generator in the expiratory phase. It is also possible to have variable pressure generators and variable flow generators (in the expiratory phase).
Expiratory to inspiratory cycling
The changeover to the inspiratory phase may be by time, volume, pressure or flow. In addition, the patient may start the next breath by an inspiratory effort. The machine may sense this inspiratory effort by detecting a pressure drop or a change in flow within the circuit.
Mapleson's ordered system of classification allows a detailed description of a ventilator and can be used to deduce how the machine is likely to perform under changing circumstances. The user has to know about the interplay between the various controls and the patient, and Mapleson offered some help in chapter five of 'Automatic Ventilation of the Lungs'. 5 This is the most widely used classification, but unfortunately, it does not address the power of the machine and this has led to several alternative classifications.
FORCE GENERA TORS Norlander 6 in 1964 suggested a classification based on the concept of force. He described two major groups as constant force generators and increasing force generators (Table 3) . Constant force generators were divided into non-adjustable flow and adjustable flow subgroups. Increasing force generators were divided into direct action and indirect action sub-groups. The classification is unhelpful because it is inconsistent between the groups and it does not allow for the few decreasing force ventilators. Norlander assessed ventilator force as a product of flow and pressure, using a test lung. It is a hard system to comprehend and the method of cycling is ignored. 
BRITISH STANDARDS INSTITUTION
The British Standards Institution issued a classification of ventilators in 1964 which was adopted by the International Standards Organisation in 1968. Unfortunately, the classification is coarse and is unhelpful in the clinical setting. Essentially, it looks at three aspects of a ventilator. 1. Is it a controller, an assister or a combination of both? 2. Does the positive pressure applied return to atmospheric pressure, a negative pressure or a positive pressure? 3. Is the changeover from inspiration to expiration determined by volume, time or pressure cycling?
STABLE/FLEXIBLE VOLUMES AND FLOW -GROGONO
In 1972, Grogon0 7 suggested that there were three aspects of intermittent positive pressure ventilation -minute volume, tidal volume and inspiratory flow, which may be influenced by changes in lung compliance or airway resistance. He used the three parameters as the basis of his classification (Table 4 ). In each of these sub-groups a ventilator was 'stable' if the parameter did not change when the patient changed, and 'flexible' if the parameter did change. Ventilators could be minute volume stable or flexible. A Minute Volume Stable ventilator may function by controlling rate and tidal volume or by being a minute volume divider. Next, the machine could either be tidal volume stable or flexible. A tidal volume flexible machine could still be minute volume stable provided smaller breaths were compensated for by larger breaths. Finally, inspiratory flow rates could be stable or flexible and the factors governing this are described in the same way as Mapleson described the factors governing flow and pressure generators.
Grogono made the point that some ventilators are 'stable' only within certain limits and that these limits had to be understood. Once again, the concept of power is touched upon, but not addressed.
FLOW PATTERN, FORCE AND CYCLING -BAKER
In 1974, BakerS proposed that all ventilators be considered as flow producers. He said that the ability to maintain a predetermined flow could be looked at under a wide range of conditions. If the ventilator could maintain its flow pattern, it could then be classified as flow controlled or load independent. If it did not maintain its flow pattern, it could be classified as flow uncontrolled or load dependent ( Table 5 ).
The ability of a ventilator to maintain its preset flow pattern against the impedance of the patient is determined by the driving force or pressure. Ventilators which can produce high inflating pressures are more likely to be load independent. Baker chose a pressure dividing line (50 mmHg or 6.7 kPa) between ventilators likely to be load independent and those likely to be load dependent. Since Norlander had found that 10-15 watts of power were needed to ventilate patients with severe lung pathology, he felt that the dividing pressure of 50 mmHg was consistent with the values obtained in such patients. In practice, many ventilators, although classified as load dependent because of their inability to generate a pressure of 50 mmHg, would behave as load independent ventilators when used in normal patients. They would only become load dependent when stressed (by patients with abnormal lungs).
It is relatively easy to bench test ventilators in order to group them according to Baker's classification, as well as rate them in their ability to maintain the flow pattern. The pressure potential is measured by allowing the ventilator to work against an infinite resistance and recording the maximum pressure reached. It is possible, however, for a ventilator with a Anaesthesia and Intensive Core, Vol. 14 poor flow capability to reach a high maximum pressure if enough time is allowed. For this reason, Baker recommended that the 'Flow Capability' should be measured against standard resistances. Using Norlander's method, the force pattern can then be studied.
The ventilators are hence classified as Controlled or Uncontrolled Flow; Fixed, Variable or Adjustable Force; with the cycling mechanism, pressure potential and flow capability also stated.
Baker's classification is attractive because it gives the information needed to predict how a ventilator will work in the clinical setting. Unfortunately it is rarely used. control systems and drive mechanisms. The theme is further developed in the next chapter by Desautels 10 who described a set of evaluation forms. Five forms relate to the ventilator. The sixth lists the requirements for each ventilator and for procedures and protocols related to the use of ventilators. The first form is used for ventilator classification analysis. In it, the ventilator power variables, phase variables and high frequency ventilation options are presented as a check list. Under power variables, the questions and options are: 1. How is the pressure gradient across the airway achieved (sub ambient/positive pressure)? 2. What is the power source (electrical! gas/mixed)? 3. Is the driving gas delivered direct to the patient or is there a secondary system? 4. What is the internal mechanism producing the gas flow?
The checklist under phase variables is based on the Mapleson classifications. The section on high frequency ventilation (vide infra) offers three options: 1. High frequency positive pressure ventilation. 2. High frequency oscillation. 3. High frequency jet ventilation.
The second form evaluates a ventilator by its specifications. Inspiration, expiration, the I:E ratio, 'sigh' and humidification variables are listed with columns for recording minimum and maximum capabilities, and low and high alarms. For example, among the inspiration variables, it lists rate, volume, flow rate, pressure limit and time. The maximum and minimum value for each is noted, together with their alarms, specifying the type of alarm, whether it operates on the maximum and/or minimum value, and any built-in time delay.
The third form looks at other aspects of the specifications. It lists a series of options such as lamp test, alarm reset, alarm volume, oxygen pressure gauge and air pressure gauge. Alternative ventilatory modes and wave forms are covered, as well as a series of items such as current leakage, electricity and gas consumption.
The fourth form is a check list of the many controls the ventilator may have. It groups these into the following: The fifth form is a subjective evaluation on the ease of use, durability, flexibility, cost, alarms and monitors, dependability, simplicity and aesthetics. Each is given a score out of five and awarded a weighting.
Desautels proposed these forms as a way of comparing, as objectively as possible, one ventilator with another. He strongly recommended a bench-test evaluation which could also be used for teaching and testing new techniques. Desautels' comprehensive set of forms provides the information needed to use the Mapleson classification and also address the concept of power which Baker introduced.
HIGH FREQUENCY VENTILA nON
The systems for classifying conventional ventilators do not readily apply to high frequency (HF) ventilators. It is possible to use Mapleson's classification but the relevance of doing this is unclear, since the principles of gas exchange in HF ventilation are not yet fully resolved. Most workers use a classification based on a description of the operating principle and the usual range of frequency used.
Smith 11 described the commonly accepted classification used in 1982. 1. High Frequency Positive Pressure Ventilation (HFPPV). Rates in the range 60-110/min.
High Frequency Jet Ventilation (HFJV).
Rates in the range llO-400/min.
High Frequency Oscillation (HFO).
Rates in the range 400-2400/min. Ackerman l2 added another subdivision, High Frequency Flow Interruption (HFFI), which he grouped with HFJV because both groups deliver small volumes at high velocities through a narrow orifice.
Froese 13 included a new group -combined forms of HF ventilation (CHFV). Some CHFV modes use HF ventilation with conventional ventilation. Others combine two forms of HF ventilation. She stated that the nature of the expiratory phase was also important from a functional viewpoint. Ventilators which allowed the expiratory phase to be passive, differed functionally from those which had an active expiratory phase. Froese thus proposed a further refinement to the classification, in that each category should have two broad subgroups -those with a passive expiratory phase (-P) or an active expiratory phase (-A). A ventilator may then be described as HFJV -A or HFO-A. This refinement is not universally accepted. The active expiratory phase is claimed by Froese to substantially reduce the mean airway pressure. Her view is supported by Whitwam 14 who showed that in a high frequency system, the addition of a negative expiratory pressure prevented the rise in positive end-expiratory pressure associated with an increase in frequency. The effect of an active expiratory phase may be negated by too short an expiratory time or by insufficient active assistance to expiration. Sykes (personal communication 1985) pointed to evidence that mean alveolar pressure often exceeded mean airway pressure. The difference between the two is affected by frequency, I:E ratio and the species studied. Hence, one needs to be cautious when discussing factors which affect mean airway pressure, as it may not be the same as mean alveolar pressure, which is the more important pressure functionally. CONCLUSION In conclusion, to use a ventilator safely, the clinician should at the outset know how he wants the ventilator to perform. He should then know whether the ventilator is capable of achieving such performance characteristics. A useful classification of ventilators will help the clinician in both aspects.
Mapleson provided a useful classification of ventilators which is widely used. Baker introduced the concept of power to help the user predict the practical performance of a ventilator. Desautels proposed a comprehensive ·system of classification which uses Mapleson's classification as well as providing data on power. High frequency ventilators have yet to be classified in a way which will tell the clinician how to 'control the wind'. Ideally, the use of Anaesthesia and Intensive Care. Vol. 14, No. 3, August, 1986 ventilators should be based on knowledge gained from data such as those produced by Desautels, and backed up by bench tests and clinical trials. Then, Nature may not see 'the wind sweep man away'.
